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(57) Abstract 

A spherical spacer defining a gap dimension between substrates is provided. Suppose a load value (kgO is F, a compres- 
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tween the pair of substrates into which liquid crystal is filled is used, the damage to an alignment coat as observed in spacers 
which are too hard or the disorder of the dimension between the liquid crystal layers as observed in spacers which are too 
soft can be prevented. 



BEST AVAIUBLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MG 


Madagascar 


AU 


Austtrulia 


Fl 


Finland 


ML 


Mali 


BB 


BarhaJos 


FR 


France 


MN 


Mongolia 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BP 


Burkina Fa^ 


CB 


United Kingdom 


MW 


Malawi 


8G 


Bulgaria 


CN 


Guinea 


NL 


Netherlands 


BJ 


Benin 


CR 


Greece 


NO 


Norway 


BR 


BnuJI 


HU 


Hungary 


PL 


Poland 


CA 


Clanada 


IT 


Italy 


RO 


Romania 


CF 


(Antral Arrican Republic 


JP 


Japan 


SD 


Sudan 


CG 


(^n£o 


KP 


Democratic People*^ Republic 


SE 


Sweden 


CH 


Swiucrland 




or Korea 


SN 


Senegal 


CI 


CAlu d'lvoirc 


KR 


Republic or Korea 


su* 


'* Soviet Union 


CM 


C^amcroon 


tl 


Liechtcnsuiin 


TO 


Chad 


CS 


C^zechc»lovakia 


LK 


Sri Lanka 


TC 


Togo 


DE* 


Germany 


LU 


Luiiemlwurg 


US 


United Stales of America 


OK 


Denmark 


MC 


Monaco 







+ Any designation of ^^SU" has effect in the Russian Federation. It is not yet known whether 
any such designation has effect in other States of the former Soviet Union. 



wo 92/06402 



PCT/JP91/01285 



•; 0 



25 



30 



- 1 - 

SEECIFI CATION 
TITLE Py INVEWTIOW^ 



A fine l^lJer^y^^^aiiB^iierioal a 
liquid crystal dJjspl|ay element and a liquid crystal 
display element uslL^the!rs#a"e%!;^<' A- P f 4-° 

rrgnmicfti. FIELD I E^lcmW^ fyC^Wg^-T') , i 

The prafc«ttt-%nvfen^l'on-^^-^^^ 
sphere used as. a spherical spacer for a liquid crystal 
display element, a conductive fine sphere and the like. 
Mcire- particularly,, it relates to a spherical spacer for 
a liquid crystal display element, a liquid crystal 
display felement using same,' and a conductive fine 
■■-5' ■ ■ sphere.' •■ " " . 

narifCROtmD ART 

Figure 7 shows a typical liquid crystal 
display element of a TN (twisted nematlo) mode using 
20 conventional spacers. 

This liquid crystal display element comprises 
a pair of substrates 37, 39, spacers 38 disposed be- 
tween the pair of substrates 37, 39 so as. to maiJitain. a 
constant cell gap therebetween, a nematlc liquid crys- 
tal 41, a sealing material 30 filled in the periphery 
"^f ^the'TOir^'gaprb'etwe^^^ substrates 37 , 39 , 

and polarizing sheets 42; 43 coated on the surfaces of 
the respective substrates 37, 39. 

The above-mentioned substrates 37, 39 are 
formed by patterning transparent electrodes 32, 35 made 
of ITO <Indium-Tin-Oxide) films on one surface of re- 
spective transparent substrates 31, 34 made of glass 
and by coating the surfaces of the transparent elec- 
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trodes 32, 35 and 
with allgnmen-t coat: 
coa-t 33, 36 are provided with, .alignment Aooii'trol 

rubbing. (§y^:^<i>-ia Ji^i^J' «^+vXf/V' V'. ^ ?4." 

5 ^ * 

The spacer s 38'. are made^f rpffi^inorg anlcLma^ 
rials Including aluminum oxide, silicon dioxide and the 
nice, or synthetic resin materials including benzo- 
guanamine, polystyrene type polymer and the like* The 

10 spacers made from inorganic materials are disclosed, 
for example. In Japanese Laid -Open Patent Publication 
Nos. 63-73225 and 1-59974, and the spacers made from 
. synthetic ^resizT materials are disclosed ih^~ Japanese 
Laid,-Open Patent Publication Nos.- 60-200228 and 

15 1-293316. _ / . . \ . , - V. - 

The liquid crystal display element with the 
above-mentioned structure is usuaJLly produced as fol- 
lows. 

20 • _ 

The spacers 38 are dispersed on the alignment 
. . . coat.,3 resin for sealing is 

. coated on the . periphery of the substrate 37 by prints 
ing. Then, the pal^ of substrates 37, 39 are superim- 
25 — - posed- so - that—the— alignment ^coat—3 3 > 3 6— are f aced -to 
each other and pressed. The resin for sealing is 
hardened by heating to form a sealed material, thereby 
fixing the pair of substfrates 37, 39 to each other* 
The nematic liquid crystal 41 is filled in the space 
30 between the pair of substrates 37, 39 through a hole 
provided. ixi the sealing material, and after that:, -the., 
hole is closed. Then, the polarizing sheets 42, 43 are 
layered on the outside surfaces of the transparent 



L 
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substrate 31, 34. 

As spacers used for the above-mentioned 
liquid crystal display element, colored spherical 
5 spacers are often used for the following reasons. 

In the liquid crystal display element, the 
liquid crystal is optically changed to form an image by 
applying a voltage between the transparent electrodes. 
10 However, spacers are not optically changed by the 
application of a voltage. Therefore, uncolored spacers 
are likely to be observed as white spots in dark por- 
tions of a displayed image, resulting in a decrease in 
the contrast of the image display. 

15 

Colored spherical spacers made from inorganic 
materials are disclosed in Japanese Laid-open Patent 
Publication Nos. 62-66228, 63-89408, and 63-89890. 
Colored spherical spacers made from synthetic resin 
20 materials are disclosed in Japanese Laid-open Patent 
Publication NOS. 1-200227, 1-207719 and 2-214781. 

Moraover, the spacers having no adhesion are. 
not fixed to the transparent substrates, giving rise to 
25 the following disadvantages. Therefore, the adhesive 
coated spherical spacers are often used. 

1) Air blown onto or air suction from the 
substrates in the process of assembling the liquid 
30 crystal display cell may cause scattering of spacers 
- disposed- ori the^^substM^ in loss of: the. 

spacers . 
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2) The spacers may be displaced on the sur- 
faces of "the substrates in the process of injecting 
liquid crystal into the liquid crystal display cell^ 
resulting in bias of the spacer arrangement on the 

5 substrates* 

3) The spacers may be displaced by the elec- 
trical or hydrodynamic forces arising while the liquid 
crystal display cell is in operation. 

10 

4) The spacers may be displaced when mechani- 
cal vibration acts on* the liquid crystal display cell 
from outside • 

15 These displacements of the spacers in the 

liquid crystal display cell decrease the cell gap 
precision and remarkably deteriorate the image quality. 

Adhesive spherical spacers are disclosed, for 
20 example, in Japanese Laid-open Utility Model Publica- 
tion No. 51-22453, Japanese Laid-Open Patent Publica- 
tion Nos. 63-44631, 53-94224, 63-200126, 1-247154, 
1-247155 and 2-261537. 

.25 ... _ . . *?P!^®y?^,f. the spacers made from conven- 

tional inorganic materials or spacers made from the 
synthetic resin materials are used as spacers for the 
liquid crystal display element, the following disadvan- 
tages arise. 

30 

As showp i.i^^^^^^ crystal 
display element is produced by using the inorganic 
spacers 38, the spacers 38 are so hard that they damage 
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the allgnmen-c coat 33 when both substrates 37, 39 are. 
pressed. On a damaged portion 33a of the alignment 
coat 33, ai desired molecule arrangement of the liquid 
crystal 41 cannot be maintained. For example, in the 
5 transmission type liquid crystal display element, the 

damaged portion 33a appears as a display defect. 

Furthermore, the inorganic spacers 38 are 
hard to be deformed, so that the spacers 38 come into 

10 contact with the inner surfaces of the substrates 37, 
39 at one point, respectively. As a result, the spac- 
ers 38 are likely to be displaced in the space includ-.. 
ing the liquid crystal 41 due to gravity or minute 
vibration. This disadvantage often appears in a large 

IS liquid crystal display element used for lap-top type 
personal computers or word processors, wall-mounting TV 
setSr etc. which have rapidly come into wide use in 
recent years, since the display surface is used in the 
vertical direction or the inclined direction. For 

20 example, most of the spacers 38 move downward in the 
liquid crystal display element, causing nonunif oral ty 
in the thlOcnesa of the liquid crystal layer .and Mklx^ 
it difficult to provide a clear image. Also, the move- 
ment of the spacers 38 damage the alignment coat 33, 

-25 catising the -above-mentioned -display-defect . .. _ , . , 

On the other hand, when spacers which are too 
soft are used, the following disadvantages arise. 

30 It is impossible to uniformly disperse the 

- ■ spacers -38 oh the surfaces of;, the substratss_37, 3?, 
and considerable irregularity is caused in the disper- 
sion density. When the pair of substrates 37, 39 are 
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pressed while facing each other, -the pressure applied 
on one spacer 38 in the . small dispersion density area 
is large, so "that the spacer 38 is largely deformed. 
In contrast, the pressure applied on one spacer 38 in 

5 the large dispersion density area is small, so that the 

spacer 38 is hardly deformed. In this way,, as shown in 
Figure 9/ the irregularity of the dispersion density of 
thia spaceris 38 causes nonunif ormity in the thickness of 
the liquid crystal layer disposed between the pair of 

10 the substrates 37, 39. As a result, a clear image 

cannot be obtained • 

Moreover, when the pair of substrates 37, 39 
are pressed, it is actually impossible to. apply imlform 
15 pressure onto the entire substrates 37> 39, and the 

substrates 37, 39 are applied with different pressures 
at' different portions thereof. Accordingly^ when the 
spacers 38 which are too soft are used, the respective 
spacers 38 are deformed to different degreeis because of 
20 the difference of pressure, with which the spacers 38 
. . ara subjected, resulting In the nonunif ormity of thick- 
/ ness of _ the . liquid cry s^^^^^ As a. x;esultr . t?^^ 

image, quality is remarkably deteriorated*. 

25 On the other hand, in the field of electron- 

ics mounting, metal particles such as Au, Ag and Ni are 
mixed with a binder resin to prepare conductive paste, 
and this paste is filled between a pair of fine elec- 
trodes, whereby the pair of fine electrodes are con- 

30 nected to each other. However, such metal particles 

. ; . are nonunif orm in shape and have a larger specific 
gravity compared with the binder resin, so that it is 
difficult to disperse those metal particles in the 
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binder resin. 

In order to overcome those disadvantages, 
Japanese Laid-Open Patent Publication No. .59-28185 

s" discloses that the surfaces of paarticles such as glass 

beads; silica beads, and glass fibers , the particle 
sizes of which are relatively uniform, are plated with 
metal to form conductive f ine . spheres . However , the 
conducstive fine spheres disclosed in the above have 

1-p core fine spheres which are too hard, and they are 

difficult to be deformed by compressing. Because of 
this, when the electrodes are connected to each other 
by using the above-mentioned conductive fine spheres, 
the . contact areas between the cphductiye fine spheres 

15. and the surfaces of the .electrodes are not spread, 

making it difficult ,to reduce ctiitact resistance. 



Japanese Laid-Open Patent Publication Nos. 
62-185749 and 1-225776 discloses conductive fine 
20 spheres using polypheny lenesul fide part lc?les, phenol 

resin particles and the like as bore fine spheres. 
- However, t»ie conductive fine spheres:, usixjg fuch syn- 
thetic resin particles as core fixie spheres do not have 
sufficient recoverability after being deformed by com- 
2S~- pressing. Because of this, when the electrodes are 
connected to each other by using these conductive fine 
spheres and the compression load acting on both elec- 
trodes is removed, non-contacting state is formed 
between the conductive fine spheres and the surfaces of 
the electrodes, resulting in imperfect contacts. 



SO 
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DISCLOSURK OF IWVENTIOW 

A fine sphere of the present Invention, which 
overcomes the above-discussed and numerous other disad* 

5 vantages and deficiencies of the prior art, has a 

K-value defined as K-(3/y"^ •F-S"^/^-R"^/^ (wherein F 
and S represent a load value (kgf } and a compression 
displacement (nmi) at 10% compression deformation of the 
fine sphere, respectively, and R representa a radius 

10 (mm) of the fine sphere) in the range of 250 kgf/mm^ to 

700 kgf/mm^ at 20* C, and has a recovery factor after 
the compression deformation in the range of 30% to 80% 
at 20 'C. 

^5 In a preferred embodiment, the K-valua is in 

the range of 350 kgf/mm^ to 550 kgf/mm^« 

In a preferred embodiment, the recovery 
factor after the compression deformation is in the 
20 range of 40% to 70% at 20*C. 

In a preferrcd embodiment, t^ sphere is 

at least ope selected . from the group consisting of 
polydivinylbenzene, divinylbenzene-styrene '• copolymer, 

25 divin ylb enzene-acrylate „ copolymers, and polydlallyl- 

phthalate. 

In a preferred embodiment, the fine sphere is 
in a spherical shape, and its diameter is in the range 
30 of 0.1 to 100 pm. 

In a preferred embodiment, the diameter of 
the fine sphere is in the range of 0.5 to 50 ym. 
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In a preferred embodiment^ the diameter of 
the fine sphere is in the range of 1.0 to 20 \m. 

A spherical spacer for a liquid crystal 
5 display element of the present invention has a K-value 

defined as K-( 3//Tr) •F*S''3/2.r-1/2 (wherein F and S 
represent a load value (kgf ) and a compression die- 
placement (mm) a-i 10% compression deformation of the 
spherical spacer^ respectively, and R represents a 
10 radius (ram) of the spherical spacer) in the range of 

250 kgf/mm^ to 700 kgf/mm^ at 20*C^ and has a recovery 
f^otoT after the compression deformation in the range 
of 30% to 80% at 20 *C. 

15 A colored spherical spacer for a liquid 

crystal display element of the present invention com- 
prises a colored core fine sphere, having a K-value 
defined as K-(3//^ •F-S-3/2.R-1/2 (wherein F and S 
represent a load value (kgf) and a compression dis- 

20 placement (mm) at 10% compression deformation of the 

colored spherical spacer, respectively, and R repre- 
sents a radius (mm) of the colored spherical .spacer) in 
the range of 250 kgf/mm^ to 700 kgf/mm^ at 20*C, and a 
recovery factor after the compression deformation in 

25 the range of 30% to 80% at 20'C. 

An adhesive coated spherical spacer for a 
liquid crystal display element of the present invention 
comprises a core fine sphere and an adhesive layer 
30 formed on a surface of the core fine sphere, having a 

K-value defined as K-(3//^ •F-S-3/2.R-1/2 ( wh^^^ 
and S represent a load value (kgf) and a compression 
displacement (mm) at 10% compression deformation of the 
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adhesive coated spherical spacer, respectively, and R 
represents a radius (mm) of the adhesive coated spheri- 
cal spacer) in the range of 250 kg£/mm^ to 700 kgf/nun^ 
at .20 *C, and has a recovery factor after the compres- 
sion dekoxrnatlon in the range of 30% to 80% at 20 

A liquid crystal display elakent of the 
present invention is produced by using the above- 
mentioned respective spherical spacers. 

A conductive fine sphere of the present 
invention comprises the above-mentioned fine sphere and 
a conductive layer formed on a surface ot the fine 
sphere* 

In a preferred embodiment, the conductive 
layer is an indium-plated layer. 

Thus, the invention described herein makes 
20 . possible the objectives of: (1) providing spherical 
spacers which neither change the alignment property of 
the liquid crystal ..by ^damaging the alignment coat of 
the liquid crystal display element nor deteriorate the 
image quality; (2) providing spherical spacers which do 

25 not cause, irregularity^ in the^cell gap - -to decrease 

clearness of the image; (3) providing spherical spacers 
which are not displaced due to gravity and minute 
vibration and a liquid crystal display element using 
same; (4) providing a liquid crystal display element 
30 which has no image defect and provides a clear image; 

(5) providing conductive fine spheres having appropri- 
ate compression deformabllity and recoverabllity from 
. deforming; and (6) providing conductive fine spheres 
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excellent: in connection reliab±ll"ty* 
BRIEF DESCRIPTION OF THE DRAWINGS 

5 This invention may be better understood and 

its numerous objects and advantages will become appar- 
ent to those sicilled in the art by reference to the 
accompanying drawings as follows: 

10 Figure 1 is a cross-sectional view showing an 

example of a liquid crystal. display element according 
to the present invention. 

Figure 2 is a graph showing a relationship 
15 between the load and the compression displacement of 

.spacers*' 

Figure 3 is a graph showing a relationship 
between the K-value and the compression deformation of 
20 spacers. 

. ; v . Figure .4 is .a„,graph Illustrating a method fpi: 

- the measurement of the recovery factor after the spac- 
ers are deformed by compressing. 

25 - < ^ - . 

Figure 5 is a cross-sectional view showing 
main portions of a liquid crystal display element 
produced by using conductive fine spheres. 

30 Figure 6 is a cross-sectional view showing a 

trest chip. (an. ITO/glass eli^ctrgde for tefst) produced in 
Example 13. 
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Figure 7 Is a cross-sectional view showing a 
general liquid crystal display element. 

Figure 8 is a cross-sectional view showing a 
5 liquid crystal display element produced by using spher- 

ical spacers which are too hard. 

Figure 9 is a cross-sectional view showing a 
liquid crystal display element produced by using spher- 
10 leal sipacers which are too soft. 

BEST HOPg FOR CARRYING OUT THE INVEWTIOK 

I. Fine spheres^ spherical spacers for a liquid crys- 
15 tal display element, colored spherical . spacers for a 

liquid crystal display element, and adhesive coated 
spherical spacers for a liquid crystal display element. 

. Fine spheres of the present invention have a 
20 K-value in a predetermined range and a recovery factor 
after the compression deformation in a predetermined 
range. The fine spheres can be used as spherical 
spacers for la liquid crystal display element. 

25 . Also, colored spherical spacers for a liquid 

crystal display element have a K-value in a predeter- 
mined range and a recovery factor after the compression 
deformation in a predetermined range. Adhesive spheri- 
cal spacers for a liquid crystal display element have a 

30 K-value in a predetermined range and a recovery factor 

after the compression deformation in a predetermined 
range and exhibit adhesion when heated. 
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10 



15 



20 



25 



The K-value will be described. 

According to The Course of Theoretical Phys- 
ics by Landau-Llfshltz, "Theory of elasticity" p. 42 
(published by Tokyo Tosho In 1972), when two elastic 
spheres each having radius R and R' are In contact with 
each other by compression, h is given by the following 
equations. 

h - f2/3(d2<1/R+1/R')]^/3 (1) 
D - (3/4)[(l-o2)/E + (l-a'2)/E'] ... (2) 

wherein h represents a difference between the distance 
between the ceaiters of both spheres and R+R' , T repre- 
sents, compressive force, E and E' respectively repre- 
sent elastic moduli of both spheres, o, a* represent 
Polsson's ratios of the elastic spheres. 

On the other hand, when the spheres are 
placed on rigid plates and compxessed from both sides, 
suppose R'— E»E', the following equation is ap- 
proximately obtained. : - 

F - < 2^/2/3 ){s3/2)(B.Rl/2,(i_cr2) ... (3) 

wherein S represents an amount of compression deforma- 
tion. The following equation can be obtained by modi- 
fying the above equation ( 3 ) . 



30 



K-value Is defined as follows. 
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E 

K - ... (4) 

1 . a2 



5 Thus, the following equation can be obtained. 

K - (3/^^*F*S-3/2.R-l/2 

This K^value universally and quantitatively 
10 represents hardness of the spheres. The preferable 

hardness of the fine spheres or spacers (hereinafter, 
referred to as spacers and the like) can be quantita- 
tively and unequivocally represented by using this 
K- value. 

15 

The K-value at 10% compression deformation is 
in the range of 250 kgf/mm^ to 700 kgf/mm^. When a 
liquid crystal display element is produced by using the 
spacer is and the like in this range, the spacers and the 
20 like do not damage the alignment coat. Moreover, when 

the gap between the electrodes is adjusted by pressing, 
the gap can be readily controlled. It is more prefera- 
ble that the value at 10% compression def ormatidh is 
in the range of 350 kgf/mm^ to 550 kgf/mm^. 

25 



When the spacers and the like having a 
K- value more than 700 kgf/mm^ are used, the surfaces of 
the liquid crystal alignment coat are likely to be 
damaged in the course of the production of the liquid 
30 crystal display element. Moreover, in the liquid 

crystal display element so produced, the spacers and 
the like are not likely to be changed by compression 
due to the contraction of liquid crystal at decreased 
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temperatures,, whereby babble Is generated under the 
reduced pressure in the liquid crystal cell. 

When the spacers and the like having a 
5 K-value less than 250 kgf/mm^ are used, the cell gap 
control becomes difficult. 

The mechanical properties of the material for. 
the preferred spacers and the like cannot b^ completely 
10 shown merely by defining the preferred hardness of the 
spacers and the like used for the liquid crystal dis- 
play element. 

Another important condition is that the 
15 recovery factor after the compression deformation, 
which is a value representing the elasticity of the 
spacers and the like, is in a predetermined range. The 
elasticity and plasticity of the spacers and the like 
can be quantitatively and unequivocally shown by 
20 defining the recovery factor after the compression 
deformation. . . 

In the spacers and the like of the present 
invention, the recovery factor of the spacers and the 
25 "iike~aftMr the Compression ^d^^ is preferably in 

the range of 30% to 80% at 20 'C. A more preferred 
recovery factor is in the range of 40% to 70%. 

When spacers having a recovery factor of more 
30 than 80% are used, and the gap between both substrates 
is adjusted by pressure pressing, followed by the 
reduction of pressure in the course of the production 
of the liquid crystal cell, the spacers and the like 



wo 92/06402 



PCr/JP91/01285 



10 



15 



20 



25 



30 



- 16 - 



which are deformed by compression are likely -to re-turn 
to their original shape because of the elasticity 
thereof, so that the cell gap of the liquid crystal 
cell obtained is disordered. 

When the spacers having a recovery factor of 
less than 30% are used and the gap between both sub- 
strates is adjusted by pressiure pressing, the portion 
to which excess pressure is applied is not likely to 
return to the desired cell gap, since the spacers and 
the like remain deformed by compression. Thus, the 
cell gap is disordered. 

Next, the method for measuring the K-value 
and the recovery factor after the compression deforma- 
tion will be described. 

( A ) Method for measuring the K->value and conditions 
thereof 

(i) Method for measurement 

Spacers and the like are dispersed on a steel 
sheet having a smooth surface at room temperature, .and 
one o£ spacers and the like is chosen. Then, the 
spacers-and- tho-like-are^coropressed with a smooth ^ehd 
surface of a circular cylinder made of diamond and 
having a diameter of 50 ]im by using a compression test 
machine (PCT-200 type Shlmadzu Seisakusho Ltd.). At 
this time, the compression load is electrically detect- 
ed as electromagnetic force, and the compression dis- 
placement is electrically detected as change by- using.. a 
transformer. 
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The relationship between the compreasion 
displacement and the load Is obtained as shown in 
Figure 2. From Figure 2, the load value and the com- 
pression displacement: ot 10% compression deformatioix of 
the spacers and the like are respectively obtained. 
From these values and the equation (5), the relation- 
ship between the K-value and the compression deforma- 
tion is bbtained as shown in Figure 3. 

compression distortion (%) is obtained by 
dividing the compression displacement by k diameter of 
the spacers and the like. 

(ii) Compression speed 
The compression is performed under constant 

load and constant speed. The load is increased at the 

rats of 0.27 g weight (grf )/sec. 

(iii) Test load 
The maximum load is 10 grf. 

( B ) Method for measuring the recovery factor , the 
cbmpressioh defoinaation and conditions thereof 

'25" (1) Itethod^fof' measurement 

Spacers and the like are dispersed on a steel 
sheet having a smooth surface, and one of spacers and 
the like is chosen. Then, the spacers and the like are 
compressed with the smooth end surface of a circular 
cylinder made of diamond and having a diameter of 50 )am 
by using a cbmpression test machine (PCT-200 type. 
Shimadxu seisakusho Ltd.) at 20-C. At this time, the 
compression load is electrically detected as electro- 



20 



30 
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magne'tic force, and the compression dlsplacemeni: is 
electrically detected by using a differential trans- 
former. 

5 As ehowii In Figure 4 , the spacers and the . 

like are compressed to maximuxn load value (shown by a 
curve ( a ) in Figure 4 ) ^ and after that , the load Is 
decreased (shown by a curve (b) In Flgtxre 4). At this 
time, the relationship between the load and the com- 

10 pression displacement is measured with proviso that the 

terminal point of reducing the load is not the load 
value zero but refers to 0.1 g of the standard load 
value- The recovery factor is defined as the ratio 
(L2/I*i) represented by wherein is a change until 

15 the maximum load point and L2 Is a change from the 
maximum load point to the standard load value. 

(11) Conditions for measurement 

The maximum load value: 1 grf 

20 Standard load value: 0*1 grf 

Compression speed of application 

. / ...r . . v:.; ... 0.27 grf /sec -1 

v v Temperature bf measuring room: 20*C » • 

25 As the spacers and the like of the present 

invention. Inorganic particles or synthetic resin 
particles can be used as long as they satisfy the above 
K-value and the recovery factor. In particular,, the 
synthetic resin particles are preferred since the 

30 K-value and the recovery factor thereof can be readily 

- adjusted- in- the- above range. 
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The types of synthei:lc resins sull:able for 
the formation of the spacers and like include the 
following various kinds of plastic materials: linear or 
cross- linked polymers such as polyethylene, poly- 

5 propylene , polymethylpentene , polyvinylchloride , 

poly te traf luoroethy lene , polystyrene , polyme t hy 1 
methacrylate, polyethylene terephthalate, polybutylene 
terephthalate, polyamides, polyimldes, polysulfone, 
polyphenyleneoxi.de, and polyacetal; and resins having a 

10 net stru'cture siicfi as epbky ri^slns, phenol resins, 
melamine resins, unsaturated polyester resins, poly- 
divinylbenzene, dlvinylbenzene-styrene copolymer, 
divinylbenzene-acrylate copolymers, polydiallyl- 
phthalate, polymer of triallyl isocyanurate, and poly- 

15 mer of benzoguahainlne. . 

Among the aforesaid resins, those especially 
desirable for the formation of the spacers are resins 
having a net structure such as polydivinylbenzene, 
20 dlvinylbenzene-styrene copolymer, divinylbenzene- 
acrylate copolymers, and polydiallylphthalate, 

there is no special limit to inorganic mate- 
rials and conventional Icnown materials can be used. 

25 

Preferred shape of the spacer and the like is 
spherical. Diameters in the range of 0.1 to 100 pm are 
preferred, more preferably in the range of 0.5 to 
50 pm, and still more specifically in the range of 1 to 
30 20 pm. 

The colored spherical spacers for a liquid 
crystal display element of the present invention are 
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colored. Examples of a method for coloring include 
staining, pigment mixing, polymerization of dye mono- 
mers, and oxidizing a metallic thin film formed on the 
spacers • The method for coloring is disclosed, for 
5 example, in Japanese Laid-open Patent Publication 

Ncs. 57-189117, 63-89890, 1-144021, 1-144429, 63-66228, 
63-89408, 1-200227, 1-2007719 and 2-214781- These 
methods for coloring can he incorporated into the 
present invention. 

10 

The reason for using the colored spherical 
spacers as spacers for a liquid crystal display element ^ 
of the present invention is as follows: 

15 In the liquid crystal display element, the 

liquid crystal is optically changed to form an image by 
applying a voltage between the transparent electrodes. 
However, spacers are not optically changed by the 
application of a voltage. Therefore, uncolored spacers 

20 are likely to be observed as luminescent spots in dark 

portions of a displayed image^ resxxlting in a deterio- 
ration in the contrast of the image display. 

The adhesive coated spherical spacers for a 
25 liquid crystal display element of the present invention 

have adhesion when being heated. Examples of methods 
for providing the spacers with adhesion include forming 
a waxy polyethylene layer, a hot-melt adhesive layer, 
or an epoxy adhesive layer on the surface of the core 
30 fine spheres. 

Methods for providing adhesion are disclosed, 
for example, in Japanese Laid-open Utility Model Publi- 
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cation No. 51-22453, Japanese Laid-Open Paten-t Publica- 
tion Nos. 63-44531, 63-94224, 63-200126, 1-247154, 
1-247155 and 2-261537. These methods can be introduced 
into the present invention, 

5 

When the adhesive coated spherical spacers 
are used as the spacers for a liquid crystal display 
element, the spacers can be prevented from being dis- 
placed in the gap between the substrates. As a result, 
10 the alignment: coat are prevented from being damaged, 

and the image quality and the cell gap precision be- 
tween the substrates are improved. 

Core fine particles used for colored spheri- 
15 cal spacers and adhesive coated spherical spacers can 
be formed from the above spacers and the like. 

As described above, the spacers and the like 
of the present invention have a K- value in a predeter- 

20 mined range and a recovery factor after the compression 

deformation in a predetermined range, so that these 
spacers have physical properties preferable as. the 
spacers for a liquid crystal display element... That is, 
since the hardness of, these spacers is appropriate, 

2S^ ~ " they arfe not likely- to 'd the alignment coat when 

the substrates are applied with pressure in the course 
of the production of the liquid crystal display ele- 
ment • 

30 Moreover, the spacers have an appropriate 

deformation property, so that the spacers. . Gome„^intp. 
contact with the substrates over a large area. As a 
result, the spacers are not likely to be placed on the 
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surfaces of thes substrates due to gravity and silnute ' 
. vibrations. Furthermore, the alignment coat are pre- 
vented from being damaged by the movement of the spac- 
ers. 

■5 

Since the spacers have appropriate hardness, 
when pressure is applied to the pair of subistrateis 
facing, each other, the applied pressure is supported by 
the spacers, whereby the gap between the substrates can 
10 be uniformly maintained. Accordingly, irregularity of 

the thickness of the liquid crystal layer can be re- 
duced compared with the conventional liquid crystal 
layer. - 



15 XI. Liquid crystal display element 

Hereinafter, an example of the liquid crystal 
element of the present invention will be described with 
reference to the drawings. The liquid crystal display 
20 element of the present invention can have the same 
construction as that shown in Figure 7 except that the 
-above-mentioned Tspherical spacers are used* 

As shown in Figure 1, a liquid crystal dis- 
25- play-element ft comprises a pair of substrates 7, 9, 
spacers 8 disposed between the pair of substrates 7, 9 
so as to maintain a constant gap therebetween, nematic 
liquid czystal 11, a sealing material 10 filled in the 
periphery of the gap between the pair of substrates 7, 
30 9, and polarizing sheets 12, 13 coated on the surfaces 
.of the respectiye.jsubstrates 7,- 9. ^ . . - 
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The aboye-roentioned substrates 1, 9 are 
formed by patterning transparent electrodes 2, 5 made 
of ITO (Indltim-Tln-Oxide) film on one surface of their 
respective transparent substrates 1, 4 made of glass 
and by coating the surfaces of the transparent elec- 
trodes 2, 5 and the transparent substrates 1, 4 with 
alignment coat (polylmlde films 3, 6). The alignment 
coat 3, 6 are provided with alignment control by rub- 
bing* . 



The spacers 8 have a K-value in the above- 
mentioned predetermined range and a recovery factor 
after the compression deformation in the above-men- 
tioned predetermined range. The spacers 8 may be 
15 colored and/or may have adhesion. 

According to the present invention, the 
liquid crystal display element in which a clear image 
is obtained without image defects can be provided. 



III. Conductive f ine jspheres 

The conductive fine spheres of the present 
invention^have the abQye-mentloned_ fine spheres and 
conductive, layers formed on the surf aces of the fine 
spheres. These conductive fine spheres can be used for 
the conductive connection between fine electrodes in 
the field of electronic mounting. 

in the conductive fine spheres, as described 
above, the K- value at 10% compression deformation is in 
the range of 250 kgf/rom^ to 700 kgf/mm^. When the 
conductive fine spheres in this range are used, the 
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fac±xig electrode surfaces are not datoaged by the con- 
ductive fine spheres In the course of tha production of 
the element In which a pair of electrodes are connected 
by the conductive fine spheres. Moreover ^ when the gap 
5 between the electrodes is adjusted by pressure press- 

ing, the gap control can be readily performed. A more 
preferred K-value at 10% compression deformation is in 
the range of 350 kgf/mm^ to 550 kgf /mm^. 

10 When the K-value Is more than 700 kgf/roro^, 

the conductive fine spheres disposed between the two 
electrodes are not readily deformed by being applied 
with pressure. As a result, the contact area between 
the conductive fine spheres and the electrode surfaces 

15 does not spread, making It difficult to reduce contact 
resistance. Moreover, when excess load Is applied In 
order to deform the conductive fine spheres, the con- 
ductive layers formed on the surfaces of the conductive 
fine spheres are torn up or peeled off, damaging the 

20 electrode surfaces in the course of the production of 
the element. 

When the conductive fine spheres having a 
K-value less than. 250 kgf/mm^ disposed betweentwo 

25 electrodes are applied with a compression load, the 
compression deformation often becomes great, so that 
the conductive layers formed on the surfaces of the 
conductive fine spheres do not follow this deformation. 
As a result, there is a possibility that the conduc- 

30 tive layers are torn up or peeled off. Moreover, when 

the amount of compression deformation becomes great and 
the conductive fine spheres flatten, the electrodes 
come into contact with each other, causing unsatisfac- 
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tory minute electrode connection. 

Furthermore, In the conductive fine spheres 
of the present invention, the recovery factor after the 
5 comprBSsion deformation of the conductive fine spheres 

is in the range of 30% to 80% at 20»C. The range of 
40% to 70% ia especially preferred. 

When adhesive, in which the conductive fine 
10 spheres having the recovery factor more than 80% are 
dispersed, is disposed between two electrodes, these 
electrodes are contacted to each other by pressing, and 
the pressure is remcived after the adhesive is hardened, 
the conductive fine spheres after being deformed by 
15 compression readily return to their original shape, so 

that the adhesive layers are likely to be peeled off 
from the electrode surfaces. 



20 



m the element produced by a method, in which 
adhesive with the conductive fine spheres having the 
recovery factor less than 30% dispersed therein are 
filled between two electrodes, these electrodes contact 
each other by pressing, and the pressure is removed 
after the adhesive >a hardened, the atoesive layers 
25 continue to contract and expand under the'^repetition of 
cooling and heating. However, the conductive fine 
spheres remain deformed by compression, so that a gap 
is generated between the surfaces of the electrodes 
when the adhesive layers expand, causing contact de- 
30 fects. 



The conductive fine spheres of the present 
invention can be made of inorganic materials or syn- 
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the-tlc resins as long as they satisfy the K-value and 
the recovery factor in the above-mentioned range* As 
the fine spheres forming these conductive fine spheres , 
the same kind of spacers and the like as that mentioned 
above can be used. Examples of preferred resins for 
forming the fine spheres include resins having a net 
structure such as polydivinylbenzene^ divinylbenzene- 
styrene copolymer, divinylbenzene-acrylate copolymers, 
and polydiallylphthalate . 

The particle diameter of the fine spheres is 
in the range of 0.1 to 100 pm, preferably in the range, 
of 0.5 to 50 pm, and more preferably in the range of 1 
to 20 pm* 



The thickness of the conductive layers Is 
preferably in the range of 0.02 to 5 pm. When the 
thickness is less than 0.02 pm, it is difficult to 
obtain the desired conductivity. When the thickness is 
20 more than 5 pm, the conductive layers are likely to be 

peeled off from the surfaces of the fine spheres due to 
the difference of the thermal expansion coefficient 
between the fine spheres and the conductive layers. 

25 " " Examples bf~inetals used' for' the conductive* 

layers Include Ni, Au, Ag, Cu, Co, Sn, In, or alloy 
Including one or more of these metals as its main 
component. In particular, indium is preferred. 

30 Examples of methods for forming metal layers 

on the surfaces of the fine spheres Include an electro- 
less plating (chemical plating), a coating method in 
which paste obtained from metal powders alone or metal 
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powders mixed with binders ±s coated on the fine 
spheres; and a physical deposition method such as 
vacuum deposition, ion plating, and Ion sputtering. 

5 A method for forming a metal layer by the 

electroless plating will be described by way of illus- 
trating an example using gold substitution plating. 

This method is divided into the following: an 
10 etching step, an activation step, a chemical nickel 
plating step and an gold substitution plating step. 

In the etching step, unevenness is formed on 
the surfaces of the fine spheres so that plated layers 
15 adhere to the fine spheres. Examples of etchant in- 
clude caustic soda aqueous solution, concentrated 
hydrochloric acid, concentrated sulfuric acid, and 
chrranic anhydride. 

In the activation step, catalytic layers are 
formed on the surfaces of the etched fine spheres, and 
the catalytic layMTS.are activated. The aestivation of , 
the catalytic layers promotes the deposition of metal- 
lic nickel in the chemical nickel plating step de- 
25 ~ " ■^Ibed'iiteF. ^Tfie -catalytic-layers- formed on the 
surfaces of the fine spheres, including Pd + and Sn 
are treated with concentrated sulfuric acid or concen- 
trated hydrochloric acid, and Sn^* alone is removed by 
dissolution, thereby metallising Pd2+. The metallized 
30 palladium is activated with a palladium activator such 
as- csoncentrated-caustic-soda solution and sensitezed.--: 



20 
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In the chemical nickel plating step^ metallic 
nickel layers are further formed on the siirfaces of the 
fine spheres on which the catalytic layers are formed. 
For example r nickel chloride is reduced with sodium 
5 hypophosphite, and nickel is deposited on the surfaces 

of the fine spheres. 

In the gold substitution plating step, the 
fine spheres coated with nickel are put in gold potas- 
10 sium cyanide aqueous solution and nickel is eluted 

under rising temperature, thereby depositing Au on the 
surfaces of the fine spheres. 

When the conductive layers are formed from 
15 indium-plated layers, the thickness of the conductive 
layers are preferably in the range of 0.02 to 5 pm. 
When the thickness of the conductive layers is less 
than 0.02 pm. It is difficult to obtain the desired 
conductivity. When the thickness of the conduct±ve 
20 layers is more than 5 pm, and a pair of electrodes 
sandwiching conductive fine spheres therebetween are 
pressed, elasticity of the conductive fine: spheres 
cumot be effectively exhibited. When the thickness of 
the conductive layers is more than 5 pm, the conductive 
25 - f ine- spheres-^_are likely to aggregate. — 

Examples of methods for forming indium-^plated 
layers on the surfaces of the fine spheres are as 
follows: 

30 

(1) Method for forming indium- plated layers by 
electroless plating 
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Thin films made of metal (e.g. Cu ) whose 
ionization tendency is greater than that of indiian are 
previously formed on the surfaces of the fine spheres, 
and then this metal is replaced with indixm. 

5 

3CU- + 2In+** - 3CU+* + 2lni 

(2) Method for reduction plating 

A reducer is added to an aqueous solution of 
10 indium salt and indium is deposited on the surfaces of 

the fine spheres fay a reduction reaction, thereby 
forming indium-plated layers. 

Alternatively, thin films made of metal, such 
15 as nickel is jprevlously formed on the surfaces of the 
fine spheres, after which indium is deposited on the 
surfaces by the reduction reaction, thereby forming 
indium-plated layers. 

20 (3) Method for forming indium-plated layers by 

mechanical and physical techniques 

The fine spheres and indium fine particles 
are inixed^ ' and then the indium fine particles are 
collided with or rubbed into the. surfaces of the fine 

25 - " spheres by using hybridization or mechanof usion, , there-, 
by forming indium thin films on the surfaces of the 
fine spheres. Alternatively, the fine spheres and the 
indium fine particles are mixed, and then they are 
heated to melt the indium, thereby coating the indium 

30 thin films on the surfaces of the fine spheres. 

The element can be produced by using conduc- 
tive fine spheres thus obtained. This element can be 
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produced, for example, ss follows: 

As shown In Figure S, an Insula-tlng binder 28 
in which conductive fine spheres 29 are uniformly 

5 dispersed is coated on electrodes 24 by screen printing 

or a dispenser, or the conductive fine spheres 29 alone 
are disposed on the electrodes 24 without using the 
binder 28. In the case of the latter, -the conductive 
fine spheres 29 can be dispersed from above the elec- 

10 trodes 24 or the conductive fine spheres 29 are charged 
to be electrosta1;ically attached onto the 
electrodes 24. 

Next, electrodes 25 are superimposed over the 

15 above electrodes 24* Under this condition, the elec- 
trodes 24 and 25 are applied with pressure. It is not 
required to apply great pressure. A pressure which 
maintains the contect condition between the conductive 
fine spheres 29 and the surfaces of the electrodes 24 

20 and 25 can be applied. Then, a lamination in which 

the conductive fine spheres 29 are sandwiched between 
the pair of the electrodes 24 and 25 is heated. .:Press 
heating is preferred • As described above ^ an element B 
is obtained as shown in Figure 5. 

"25 • 

Examples of electrodes used for the above 
element include electrodes in which ITO thin films are 
formed on glass plates, electrodes in which aluminum 
thin films are formed on glass plates, electrodes 

30 produced by attaching Cu sheets on plastic films, 

followed by etching, and electrodes produced - by print- ■ 
ing silver paste and carbon black' on films. In this 
way/ predetermined portions between the electrodes of a 
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liquid crysral display element can be electrically 
coxuiected by using the conductive fine spheres. 

Since the conductive fine spheres of the 
5 present invention can be deformed by compression to an 

appropriate degree^ when the electrodes are connected 
by using the conductive fine spheres, the contact areas 
between the conductive fine spheres and the surfaces of 
the electrodes are exaarged, thereby reducing . contact 
10 resistance. Moreover, the recoverability from the 
deformation by the compression of the conductive fine 
sphez-es is appropriate. Therefore, when the compres- 
sion load applied on the electrodes is removed in the 
course of the connection between the electrodes by 
15 using the conductive fine spheres, a gap is not formed 
between the conductive fine spheres and the surfaces of 
the electrodes, eliminating contact defects. 

As described above, the conductive fine 
20 spheres of the present invention have appropriate 
compression deformation properties and recoyeratjility 
' frois "def b'tma'tibh, "^^^ that when the conductive , f ine- 
spheres sahdwiched between the electro«3es are used, 
they exhibit excellent non-isotropic co>^«*"gtivity and 
25 connection reliability. Thus, they are applicable to 
the following uses. 

(1) Transfer materials for electrically 
connecting upper and lower electrodes in a liquid 
30 crystal display element. 



(2) Materials for a COG (chip on glass) con- 
nection between an LSI and a glass substrate on which 
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electrodes are formed In a liquid crystal display 
element. 

(3) Materials for electrically connecting a 
5 glass substrate on which electrodes are formed and a 

flexible printed circuit in a liquid crystal display 
element* 

(4) Materials for a COB (chip on board) or 
10 COF (chip on film) connection between board-shaped or a 

film-shaped substrate and an LSI. 

Examples 

15 Hereinafter, the present invention will be 

described by way of illustrating examples. 

The test method is as follows s 

20 (A) Measurement of mean particle size 

This was performed with a Coulter Counter 
Model ZB/C- 1000 plairticle size measuring aplparatus' 
(manufactured by Coulter Electronics Co., Ltd.). ' 

25 (B) Compression test for spacers 

This was performed with a compression test 
machine (manufactured by Shimadzu Seisakusho Ltd.). 

(C) Measurement of the cell gap between upper and 
30 lower substrates of a liquid crystal cell 

This was performed with a Liquid Crystal Cell 
Gap Measurement Apparatus (Trade Name TFM->120 AFT, 
manufactured by Oak Seisakusho Ltd.). 
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(D) Display performance of a liquid crystal dis- 
play element: 

A polarizing sheet was applied to both upper 
and lower surfaces of a liquid crystal cell so that the 

5 color tone of light reflected from the liquid crystal 

cell becomes olive color. Then, the color irregularity 
in density was observed In the polarizing sheet. 
Moreover, the liquid crystal display element was con- 
nected with a power source to be lit up, and the image 

10 obtained was observed. 

Exeimple 1 

Tetramethylolmethane tetraacrylate was poly- 
merized by suspension polymerization, after which 
15 spacers having a mean particle diameter of 7.03 pm 
(standard deviation 0.27 pm) were selected by the 
classification. 

These spacers were subjected to a compression 
20 test. The K-value at 10% compression deformation was 
550 kgf/mm^. Also, in the case of the: ..maximum load 
value of I grf, the recovery factor after, the compr:es- 
sion deformation was 65%. 



25 A transparent conductive film of the indium 

oxide- tin oxide type having a thickness of about 500 A 
was formed on a glass plate having a thickness of 
0.7 mm by the low temperature sputtering method. After 
that, a predetermined electrode pattern was formed on 

30 the glass plate by photolithography. Thetn,.. ei^n align- 
ment agent was coated on the glass plate, and an 
alignment coat was formed by heating. The resulting 
glass plate was cut into a size of 5 cm x 
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12.5 cm to obtain a glass substrate for a liquid crys- 
tal display element. 

An epoxy adhesive In which glass fiber spac* 
5 ers were mixed was printed at the periphery of this 

glass substrate to a thickness of 1 mm by screen print- 
ing. 

The glass substrate was horizontally placed ^ 
10 and then the spacers obtained were dispersed from above 

by pressurized nitrogen gas and were uniformly dropped 
onto the glass substrate. The dispersion time was 
adjusted so that the dispersion concentration of the 
spacers on the glass substrate was about 
15 100 spacers/mm^. 

Another glass stibstrate was superimposed over 
the above glass substrate on which the spacers were 
dispersed, and the entire glass substrates sustained a 
20 load of 1 kg weight/cm^ uniformly applied by a press 

machine. At the same tlme^ the glass substrates were 
heated to 160*C for 20 minutes to haxid^njrthe .epoxy 
adhesive at the periphery thereof. 

A cell tSus produced was ev^ 
the inside thereof became a vacuum, and then liquid 
crystal was drawn inside through a hole provided in a 
part of a peripheral sealing portion. The gap between 
the upper and the lower substrates of the liquid crys- 
30 tal cell thus produced was measured to obtain a cell 
gap value in the range of 6.98 ± 0.03 pm.^^ 
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A polarizing sheet was applied to the upper 
and the lower surfaces of this liquid crystal cell so 
that the color tone of light reflected from the liquid 
crystal cell became olive color. This olive color was 
5 even with no irregularity in density. Moreover, the 

liquid crystal display element was connected with a 
power source to be lit up, and a satisfactory display 
performance was observed. 

10 Example 2 

First, 75% by weight of tetramethylolme thane 
tetraacrylate and 25% by weight of dlvinylbenaene were 
polymerixed by suspension polymerization, and after 
t:liat spacers having a mean particle diameter of 7.05 pm 
15 (standard deviation 0.25 pm) were selected by the 
classification. 

The K- value of the spacers at 10% compression 
deformation was 450 kgf/mm^. Also, the recovery factor 
20 of the spacers after the compression deformation was 

54%. 

The cell gap value of the liquid crystal cell 
produced in the same way as in Example 1 except that 

25 ~" the above spacers were used was--in the range of 
6.88 ± 0.03 pro. Also, color irregularity in density 
was not observed when the polarizing sheet was applied 
to the liquid crystal cell in the same way as in Exam- 
ple 1, and the display performance was good when it was 

30 lit up. 
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Example 3 

Firs-t, 50% by weight of tetramBthylolmethane 
tetraacrylate and 50% by weight of dlvinylbenzene were 
polymerised by suspension polymerlzairlone And after 
5 that spacers, having a mean particle diameter of 7.02 fim 

(standard deviation 0.26 pm) were selected by the 
classification. 

The K-value of the spacers at 10% compression 
10 deformation was 390 kgf/mm^. Also, the recovery factor 
of the spacers after the compression deformation was 
50%. 

The cell gap value of the liquid crystal cell 
15 produced In the same way^ as In Example 1 except that 

the above spacers were used was In the range of 
6.83 ± 0.04 iim. Also, color irregularity In density 
was not observed when the polarizing sheet was applied 
to the ligiuld crystal cell in the same way as In Exam- 
20 pie 1, and the display performance was good when it was 
lit up. 

Example 4 . 

First, 25% by weight of tetramethylolmethane 
25 - tetraacrylate and 75%-^by weight of -dlvinylbenzene were 
polymerized by suspension polymerization, and after 
that spacers having a mean particle diameter of 7.03 pm 
(standard deviation 0.28 pm) were selected by the 
classification. 

30 

The K-value of the spacers at 10% compression 
deformation was 380 kgf/mm^. Also, the recovery factor 
of the spacers after the compression deformation was 
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45%. 

The gap value of the liquid crystal cell 
produced in the same way as in Example 1 except that. 

5 the above spacers were used was in the range of 

6.80 ± 0.03 pm. Also, color irregularity in density 
was not observed when the polarizing sheet was applied 
to the liquid crystal cell in the same way as in Exam- 
ple 1, and the display performance was good when it was 

10 lit up. 

Example 5 

Divinylbenzene was polymerized by suspension 
polymerization, and after that spacers having a mean 
15 particle diameter of 7.05 um (standard deviation 

0,29 |im) were selected by the classification. 

The K-value of the spacers at 10% compression 
deformation was 280 kgf/mm^. Also, the recovery factor 
20 of the spacers after the compression deformation was 
35%. 

The gap value of the liquid crystal ce^l 
produced in the same way as in Example 1 except that 

25 ihe~Bbbve"8 placers were us-ed waa^in the- range of 
6.78 ± 0.06 iim.' Also, color irregularity in density 
was not observed when the polarizing sheet was applied 
to the liquid crystal cell in the same way as in Exam- 
ple 1, and the display performance was good when it was 

30 lit up. 
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ComDarat:lve Example 1 

A liquid crystal display elemeni; was obtained 
in the same way as in Example 1 except that spacers 
made of benzoguanamine polymers and haying a mean 
5 particle diameter of 5.98 yim (standard deviation 

0«25 pm) were used. 

The K-valuo of the spaceria at 10% compression 
deformation was 600 Hgf/ma^, and the recovery factor of 
10 the spacers after the compression deformation , was 13%. 

The cell gap value of the liquid crystal cell 
produced in the same way as in Example 1 except that 
the above spacers were used was in the range of 
15 6.92 ± 0.07 \3m. The color irregixlarity in density was 

observed when the polarizing sheet was applied to the 
liquid crystal cell in the same way as in Example 1> 
and the display performance was unsatisfactory when it - 
was lit up. 

20 

Comparative Example 2 

First, 30% by weight of triallyl isocyanurate 
and 70% by weight of diallyl phthalate were polymerized 
by suspension polymerization, and after that spacers 
25. , having a mean particle diameter of Tj. 03jpm ( standard 
deviation 0.26 ym) were obtained. The K-value of the 
spacers at 10% compression deformation was .240 kgf/mm^. 
Also, the recovery factor of the spacers after the 
compression deformation was 12%. 

30 

The cell gap value of the liquid crystal ceil 
produced in the same way as in Example 1 except that 
•the above spacers were used was in the range of 
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6.89 ± 0.03 pro. The color irregularity in density was 
observed when the polarizing sheet was applied ' to the 
liquid crystal cell in the same way as in Example 1^ 
and the display performance was unsatlsfacrtory when it 
was lit up. 

Comparative Example 3 

Spherical spacers were obtained in the same 
way as in Example 1 except that ; spacers made of 
polystyrene and having a mean particle diametei^ of 
6.98 pm (standard deviation 0.25 \im) were used. 



The K-value of the spacers at 10% compression 
deformation was 105 kgf/mm^. The recovery factor of 
15 the spacers after the compression deformation was 
unmeasur able • 

The cell gap value of the liquid crystal cell 
produced in the same way as in Example 1. except that 

20 the above spacers were used was in the range of 

6.75 ± 0.07 pm. The color irregularity in density was 
observed when the polarizing sheet was a^ppAlei to the 
liquid crystal cell in the same way as= in Exaiiiple 1> 
and the display performance was unsatisfactory wh^ it 

25 was lit" up; — — ^ 

Comparative Example 4 

A liquid crystal display element was obtained 
in the same way as in Example 1 except that spacers 
30 made of benzoguanamine polymers and having a mean 
particle diameter of 7.05 pm ( standard, deyiat;^^^^^^^ 
0.25 pm) were used. 
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The K-*value of the spacers at 10% compression 

deformation was 620 kgf/xnm^^ and trhe x-ecovery factor of 
the spacers after the compression deformation was 13%. 

5 The cell gap value of the liquid crystal cell 

produced in the same way as in Example 1 except that 
the above spacers were used was in the range of 
6.8B ± 0.05 |im. The color irregularity in density was 
observed when the polarizing sheet was applied to the 

10 liquid crystal cell in the same way as in Example 1^ 

and the display performance was unsatisfactory when it 
was lit: up. 

Comparative Example 5 
is A liquid crystal display element was obtained 

in the same way as in Example 1 except that spacers 
made of silicon dioxide and having a mean particle 
diameter of 7.01 pm (standard deviation 0.19 \xm) were 
used. 

20 

The value of the spacers at 10% compression 
deformation was 5000 kgf/mm^, and the recovery, factor . 
of the spacers after the compression deformation was 
85%. 

^25: .-^^ 

The cell gap value of the liquid crystal cell 
produced in the same way as in Example 1 except that 
the above spacers were used was in the range of 
6.99 ± 0.10 |im. The color irregularity in density was 
30 observed when the polarizing sheet was applied to the 

liquid crystal, cell ^ in the same way as in. .Example 1,. 
and the display performance was unsatisfactory when it 
was lit up. 
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Example 6 

First, tetramethylolmethane triacrylate was 
polymerlzefl by suspension polymerization, and after 
that resin fine particles having a mean particle diame- 
ter of 7.03 (standard deviation 0.27 pm) were se- 
lected by the clBssification. 100 g of concentrated 
sulfuric acid was added to 10 g of these fine parti- 
cles. The raixtura was reacted with acid at 55 'C for 6 
hours . 



Next, 6 g of a basic dye (CATIROM BLACK SBH) 
(manufactured by Hodogaya Kagaku Co., Ltd.) was dis- 
solved in 300 ml of water, and a dye bath solution was 
obtained by adjusting this, solution to.pHA with acetic 
15 acid. Then, the aforesaid acid-treated fine particles 

were added to this dye bath solution, and a dyeing 
treatment was performed at 95 "C for 6 hours to obtain 
black spherical spacers. A mean particle diameter and 
a standard deviation of the spacers were 7.38 pm and 
20 0.29 pm, respectively. 

■ tSb K-Vaiue of the colored' spacers at ; 10% 
compression deformation was 520 kgf/mm^. Also, the 
?ecqver2^ f^^oT of the colored spacers after the com- 
25 pression deformation was 55% in the case of the maximum 
load, value of 1 grf . 

A liquid crystal display element was obtained 
In the same way as in Example 1 except that the above- 
30 mentioned spacers were used. The cell gap value of the 

liquid carystai cWil -was iii the range of 6.98 ± 0.03 pm. 
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Also, color irregularity in density was not 
observed when the polarizing sheet was applied to the 
liquid crystal cell in the same way as in Example 1, 
and the display performance was good when it was lit 
5 . up. 

Example 7 

Fir 3%, 75% by weight of tetramethylolmethane 
tetraacrylate and 25% by weight of divinylbenzene were 

10 polymerized by suspension polymerization, and after 
that spacers having a mean particle diameter of 7.05 pra 
(standard deviation 0.25 pm) were selected by the 
classification. These spacers were dyed in the same 
way as in Example 6 to obtain black spherical spacers. 

15 A mean particle diameter and a standard deviation of 
the spherical spacers were 7.04 pm and 0.27 pra, respec- 
tively. 

The K-value of the spacers at 10% compression 
20 deformation was 420 kgf/mm^. Also, the recovery factor 

of the spacers after the compression deformation was 

The cell gap value of the liquid crystal cell 

25 produced "in"" the same "'way as "iiii^Exampre ~1 • except that 

the above-mentioned spacers were used was in the range 
of 7.22 ± 0.03 pm. Also, color irregularity in density 
was not observed when the polarizing sheet was applied 
to the liquid crystal cell in the same way as in Exam- 
30 pie 1, and the display performance was good when it was 

- v-lit Up.-^- v-. - • 
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ExareplB 8 . 

'■ First, S0% by weight of tetrBmethylolmethane 

tetraacrylate and 50% by weight of dlvinylbenzene were 
polymerized by suspension polymerization, and after 

5 that spacers having a mean particle diameter of .7.02 pm 

(Standard deviation 0.26 ym) were selected by the 
classification. These spacers were dyed in the same 
way as in Example 6 to obtain black - spherical spacers. 
A mean particle diameter and a standard deviation cf 

10 tlie spherical spacers were 7.47 and 0.28 p«, respec- 
tively. 

The K-value of the spacers at ,10% compression 
deformation was 370 kgf/mm2. Also, the recovery factor 
15 of the spacers after the compression deformation was 
47%. 

The cell gap value of the liquid crystal cell 
produced in the same way as in Example 1 except that 
20 the above-mentioned spacers were used was in the range 
of 6.83 ± 0.04 pm. Also, color irregularity in density 
was not observed When the polarizing sheet was ap^lieji 
to the liquid crystal cell in the same way as in 

Exame.le„l, «»1 t^L^ 

25 was lit up. 

Example 9 

First 25% by weight of tetramethylolmethane 

tetraacrylate and 75% by weight of divinylbenzene were 

30 polymerized by suspension polymerization, and after 

that spacers having a mean particle diameter of 7.03 m 

(standard deviation 0.28 pm) were selected by the 

classification. These spacers were dyed in the same 
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way as In Example 6 to obtain black spherical spacers. 
A mean particle diameter and a standard deviation of 
-the spherical spacers were 7.45 pm and 0.30 pm^ respec- 
tively. 

5-. 

The K-value of the spacers at 10% compression 
deformation was 360 kgf/mm^. Also, the recovery factor 
of the spacers after the compression deformation was 
45%.' 

10 

The cell gap value of the liquid crystal cell 
produced in the same way as in Example 1 except that 
•the above-mentiohiad spacers were used was in the range 
of 6.80 ± 0.03 pm. Xlso, color irregularity in density 
15 was not observed when the polarizing sheet was applied 
to the liquid crystal cell in the same way as in Exam- 
ple 1, and the display performance was good when it was 
lit up. 

20 Example 10 

First, divinylbenzene was polymerized by 
.1 :t suspen:sion -po lymerizat ion , and a f t er. cthar^^^^^^^^^ 

having a mean particle diameter of 7*05 pm (standard 
deviation 0.29 pm) were selected by the classification. 

25 Tfiese spacers "weM^ way as- in Example 6 

to obtain black spherical spacers. A mean particle 
diameter and a standard deviation of the spherical 
spacers wore 7.40 pm and 0.30 pm^ respectively. 

3Q The K-value of the spacers at 10% compression 

^ ^ deformation was 270 kgf /mm^. Also, the recovery - factor 
of the spacers after the compression deformation was 
40%. 
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The cell gap value of the liquid crystal cell 
produced in the same way as in Example 1 except that 
the above-mentioned spacers were used was in the range 
of 7.12 ± 0.05 urn. Also, color irregularity in density 
5 was not observed when the polarizing sheet was applied 

to the liquid crystal cell in the same way as in Exam- 
ple 1, and the display performance was good when it was 
lit up. 

10 gomoaratJ ve Example 6 

First, spacers made Of benzoguanamine copoly- 
mers and having a mean particle diameter of 6.98. 
(Standard deviation 0.25 pm) were dyed red with an acid 
dye to obtain colored spacers. The colored spacers had 

15 a mean particle diameter of 7.0Hi« (standard deviation 
0.27 \m). 

The K-value of the spacers at 10% compression 
deformation was 580 kgfW. Also, the recovery factor 
of the spacers after the compression deformation was 

11%. 

iThd cell gap value of the liquid crystal call 
produced m the same way as in Example 1 except that 
"thr^^-n»nti6ne-a ipaee^^^^ 

of 6.96 ± 0.08 vm. Also, color irregularity in density 
was observed when the polarizing sheet was applied to 
the liquid crystal cell in the same way as in 
Example 1, and the display performance was unsatisfac- 
tory when it was lit up. 



20 



25 



30 
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Comparative Example 7 

First;, 30% by weight of triallyL 
isocyanurate and 70% by weight of diallyl phthalate 
were polymerized by suspension polymerization, and 

5 after that spacers having a mean particle diameter of 

7.03 pm (standard deviation 0.26 pm) were selected by 
the classification. These spacers were dyed in the 
same way as in Example 6 to obtain black spherical 
spacers. A mean particle diameter and a standard 

10 deviation of the spherical spacers were 7.38 pm and 

0.27 pm, respectively* 

The K-value of the spacers at 10% compression 
deformation was 220 kgf /mm^. Also, the recovery factor 
15 of the spacers after the compression deformation was 

12%. 

The cell gap value of the liquid crystal cell 
produced in the same way as in Example 1 except that 
20 the above-mentioned spacers were used was in the range 
of 7.23 ± 0.04 pm. Also, color irregularity in density 
was observed when the polarizing sheet was applies! ^ to 
the liquid crystal, cell in the same way as^^ ^i 
Example 1 , and the display performance was unsatisf ac- 
_.25. — . ..toxyL.when„it_was_ lit Ajp- , 

Comparative Example 6 

First, black spherical spacers were obtained 
in the same way as in Example 6 except that the spacers 
30 made of polystyrene and having a mean particle diameter 
of 6.98 Tim (standard deviation 0,.2S \im) were used. The 
colored spacers had a mean particle diameter of 7.47 pm 
(standard deviation 0*29 pro). The K-value of the 
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10 



15 



20 



25 



30 



colored spacers at: 10% compression deformation was 
100 kgf/inm2. Also, the recovery factor of the spacers 
after the compression deformation was not measurable. 

The cell gap value of the liquid crystal . coll 
produced in the same way as in Example 1 except that 
the above-mentioned spacers were used was In the range 
of 6.75 ± 0.07 pa. Also, color irregularity in density 
was observed when the polarizing sheet was applied to 
the liquid crystal cell in the same way as in 
Example 1, and the display performance was unsatiafac- . 
tory when it was lit up. 

CQmparat <va Example 9 

A liquid crystal display element was obtained 
in the same way as in Example 1 except that spacers 
made of banxoguanamlne polymers and having a mean 
particle diameter of 7.05 jim ( standard deviation 
0.25 pm). The spacers were dyed in the same way as in 
Cbmparatlve Example 6 to obtain red spherical spacers. 
A mean particle diameter and a standard deviation of 
the spherical spacers were 7.08 pm and 0.27 Hm.,respeo- . 
tively. The K-vaiuiB of the colored spacers at 10% 
compression deformation was 605 kgf /mm2, and the recov- 
"er3rfa^or~^f the-colbred spacers-after the compression - 
deformation was 11%. 

The cell gap value of the liquid crystal cell 
produced in the same way as in Example 1 except that 
the above-mentioned spacers were used was in the range 
of 6.91 ± 0.08 pm. Also, color irregularity in density, 
was observed when the polarizing sheet was applied to 
the liquid crystal cell In the same way as in 
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Example 1, land the display performance was ixnsa-tlsfac- 
tory when ±t was lit up. 

Comparative Example 10 

5 Firsts spacers made o£ silicon dioxide and 

.having a mean particle diameter of 7.01 ]im (standard 
deviation of 0.19 pm) were dyed with a basic . dye to 
obtain blue spherical spacers. A mean particle diame- 
ter and a standard deviation of the colored spacers 

10 were 7.04 pm and 0.21 pm^ respectively. The K-value of 
the colored spacers at 10% compression deformation was 
5000 kgf/mra^, and the recovery factor of the spacers 
after the compression deformation was 85%.. 

15 . The cell gap value of the liquid crystal cell 

produced In the same way as In Example 1 except that 
the above-mentioned spacers were used was In the range 
of 7.00 ± 0.10 pm. Also, color Irregularity in density 
was observed when the polarizing sheet was applied to 

20 the liquid crystal cell in the same way as in 
Example 1, and the display performance was xinsatlsfao- 
'T-tpry "When it WaS;llt'Up.- ^ :-V>-r ^v^:;rvr.- .-r;r: 

Example 11 

25- - — rirst7-75% by weight of tetramethylolmethane - 

tetraacrylate and 25% by weight of dlvinylbenzene were 
polymerized by suspension polymerization, and after 
that fine particles having a mean particle diameter of 
10.00 pm (standard deviation 0.40 pm) were selected by 

30 the classification. 



Then, a solution prepared by dissolving 
0.15 g of tetrapropoxytitanium (Trade name A-1, menu- 
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factured by Nippon Soda Co., Ltd.) in 15 ml of n-haxane 
was added to 10 g of the fine particles, and were well 
mixed with a spatula, after which the n-hexane was 
evaporated. Next, this mixture was thoroughly ground 
5 in a mortar, eliminating any lumps. 

Then, 2-6 g of waxy polyethylene (Trade name 
SANWAX 151-P, manufactured by Sanyo Kasei Kogyo Co., 
Lttl. ) was added to toluene as a hot-melt adhesive 

10 resin, and was dissolved in a hot bath at BO'C. To 
this solution was added the above resin fine particles 
treated with an organic titanium compound, and dis- 
persed until the solution was completely emulsified, 
after which the solution was dried by heating under 

15 reduced pressure of 300 mm/Hg at 90*C. 

In this way, the lumps in which the resin 
fine particles were coated with the hot-melt adhesive 
resin was bbtained. Next, 20 ml of glycerine was added 
20 to the lumps and the lumps were thoroughly ground in a 
mortar. Furthermore, the lumps were passed through 
three sets of riollers to be completely decomposed; 

Next, the decomposed lumps were washed on a 
25 glass fllter^withT liter of ethanorand We suspehded 
in a mixed ethanol/Freon-113 solution (volume ratio 
2!l). The mixture was then left standing undisturbed 
in this state for 15 hours, and the supernatant was 
decanted to remove minute flakes of waxy polyethylene. 
30 The remaining decomposed lumps were again filtered with 
a glass filter, then washed with Freon-113, and dried 
in a gear oven at 60»C to obtain coated resin fine 
particles . 
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The coaled resin fine par'tlcles had a mean 
par-tlcle diameter of 10.42 |im ( standard deviation 
0.43 pro). AS a result, it was found that waxy polyeth- 
ylene was formed on the surfaces of the resin fine 

5 particles to an average thickness of 0.16 pm. . The 

observation of the surfaces of the coated resin fine 
particles by using, a scanning electron inlc;roscope 
showed that the surfaces of the resin fine particles 
were uniformly coated with waxy polyethylene without 

10 any gaps. 

The K-value of the coated resin fine parti- 
cles at 10% compression deformation was 450 kgf/mm , 
and the recovery factor of the particles after the 
15 compression deformation in the case of the maximum load 
value of 1 grf was 63%. 

A liquid crystal display element was obtained 
in the same way as in Example 1 except that the above 
20 coated resin fire particles spacers were used as spac- 
ers. The cell gap value of the liquid crystal cell was 
in-the, range of 9.95 ± 0.03 pm. ^ r^:-., 

Also, color irregularity in density was not 
25 Observed *whe^^ the polarizing sheet was applied to the 
liquid crystal cell in the same way as in Example 1, 
and the display performance was good when it was lit 
up. 

30 Example 12 

' Flrstv- dlvinylbenzene was polymerized, by r 

suspension polymerization^ and after that fine parti- 
cles having a mean particle diameter of 9.90 pm (stand- 
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ard deviation 0.36 ym) were selected by the classifica- 
tion. A solution prepared by dissolving 0.15 g of 
tetrapropoxytltanluro (Trade name A-1, manufactured by 
Nippon Soda Co., Ltd.) In 15 ml of n-hexane was added 
5 to 10 g of the fine particles, and were well mixed with 

a spatula, after which the n-hexane was . evaporated . . 
Next, this mixture was thoroughly ground in a mortar, 
eliminating the lumps. 

10 Then, 2 g of solid epoxy resin with an epoxy 

equivalent of 480 and a softening point of 68 (Trade 
name EPICOAT 1001, manufactured by Yuka Shell Epoxy, - 
Co., Ltd.) was dissolved in 40 ml of acetone, and to 
this solution was added 6 ml of water, 10 g of the 

15 aforesaid fine particles, and as a hardening agent, 
0.4 g of 2-ethyl-4-methyllmldazole 2E4MZ. After 
through mixing, the acetone was evaporated, while 
stirring. Then, the dried material was crushed in a 
mortar and the lumps were completely demolished. 

20 

The mean particle diameter of the coated 
resin fine particles so obtained was 10.32,.ijm (stsnd^: 
deviation 0.46 pm). From this result, the thickness of 
the adhesive epoxy resin layer was calculated to be 
25 ~ Id. 2r~»OTr" Examination of the surfaces of these coated 
resin fine particles with a scanning electron micro- 
scope revealed that the surfaces of the resin fine 
particles were uniformly coated with the epoxy resin 
layers without any gaps. 

30 

,pjj^„K..vSlu6 of the coated- resin fine- partir 
cles at 10% compression deformation was 420 kgf/mm^, 
and the recovery factor of the particles after the 
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compression deformation In the case of the maximum load 
value of 1 grf was 52%. 

A liquid crystal display element was obtained 
5 In the same way as In Example 1 except that the above 

coated resin fine particles were used as spacers* The 
cell gap value of the liquid crystal cell was In the 
range of 9.83 ± 0.03 pm. 

10 Also, color irregularity In density was not 

observed when the polarizing sheet was applied to the 
liquid crystal cell In the same way as In Example 1, 
and the display performance was good when It was lit 
up. 

15 

Comparative Example 11 

Firsts Inorganic fine particles made of glass 

silicate and having a mean particle diameter of 7.30 pm 

(standard deviation 0.32 pm) were obtained. Then, a 
20 solution prepared by dissolving 0.35 g of tetrapro- 

poxytltanlum (Trade name B-1, manufactured by Nippon 
_ Soda Go.. ^_ Ltd;..)T:ln 15 y ml;..of n-hexane wast added: to r40 vg , 

of thei InorganlQ fine particles, and were well . mixed 

with a spatula, after which the n-*hexeme was evaporat- 
25 - - ed;r "^Nextjthls mlxturewas thoroughly ground In ""a 

mortar, eliminating the lumps. 

Then, 2.9 g of carboxyl group-containing 
ethylene*vlnyl acetate copolymer (Trade name DUMZLAN 
30 C-2280, manufactured by Takeda Yakiihln Kogyo Co«, Ltd.) 

...was: used, asi.-e .hotrjnelt-^adheslve resin. --.- -z^ 
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The coated inorganic fine particles were 
obtained In the same way as In Example 11 except for 
the above. The examination of the surfaces of the 
coated inorganic resin fine particles by the scanning 
S electron microscope revealed that the thickness of the 

hot-melt adhesive layers formed on the coated inorganic 
fine particles were 0.43 pm. 

The K-value of the coated inorganic fine 
10 particles at 10% compression deformation was 
5500 kgf/mm^, and the recovery factor of the particles 
after the compression deformation in the case of the 
maaelmum load value of 1 grf was 85%. 

15 A liquid crystal display element was obtained. 

In the same way as in Example 1 except that the above 
coated inorganic fine particles were used as spacers. 
The cell gap value of the liquid crystal cell was , in 
the range of 7.25 ± 0.03 pm. 

20 

Also, color irregularity in density was 
' bbser^ed when the polarizing sheet was applied to,, the , 
liquid crystai -celi^^ in the same way as in Example. .1, . 
and the display performance was unsatisfactory when it 
25 was "lit up. 

Comparative Example 12 

First, as solid particles, inorganic fine 
particles made of glass silicate and having a mean. 
30 particle diameter of 7.30 pro (standard deviation 
Qu^32 . ). -werfe- o*»*ai"®*** ^ solution .prepared ..by:_^is>-^. 
solving 0.35 g of tetrapropoxyt Itanium .( Trade name 
B-l, manufactured by Nippon Soda Co., Ltd.) in 15 ml of 
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n-hexane was added to 10 g of the inorganic fine parti- 
cles, and were well mixed with a spatula, after which 
the n-hexane was evaporated* Next, this mixture was 
thoroughly ground in a mortar, eliminating the lumps. 

5 

Then, as a hardening agent, 0.2 g of dicyan- 
diamide (Trade nsune DICY-?/ manufactured by Yuka Shell 
Epoxy, Co., Ltd.) and 0.2 g of 2-phenylimidazole-4^5- 
diyldimethanol (Trade name 2PHZ, manufactured by Shiko- 
10 ku Kasei Kogyp Co. , Ltd. ) were used. 

The coated inorganic fine particles were 
obtained in the same way as in Example 12 except for 
the above. The examination of Irhe surfaces of -the 
15 ctoated inorganic fine particles by the scanning elec- 
■tron microscope revealed that the thickness of "the 
adhesive epoxy resin layers formed on the coated inor- 
ganic fine particles were 0.41 pm. 

20 The K-value of the coasted inorganic fine 

parotides at 10% compression deformation was 
. :L53QO..vkgf 43!OT factfor p|.J^h% p^i^ric^ 

after the comprejBfSipn deformation in the- case of the 
max ^ mum load value of 1 grf was 87%. 

-25 - — — — ' ^ - ■ 

The liquid crystal display element was ob- 
tained in the same way as in Example 1 except that the 
above coated inorganic fine particles were used as 
spacers. The cell gap value of the liquid crystal cell 
30 was in the range of 7.23 ± 0.03 pm. 

Also, color irregularity in density was 
observed when the polarizing sheet was applied to the 
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15 



liquid crystal cell In the same way as in Example 1, 
and the display performance was unsatisfactory when it 
was lit up. 

5. Example 13 

Pirst, tetramethylolroethane tetraacrylat© was 
pblyroeriaed by suspension polymerization, axid after 
tha-t fine particUes having a mean particle diameter of 
6.98 vm (standard deviation 0.23 pm) were selected by 
10 the classification. The K-value of the fine particles 

at 10% compression deformation was 633 kgf/mm^ and the 
recovery factor after the compression deformation in 
the case of the maatlmum load value of 1 grf was 63%. 

The resin fine particles were subjected to 
electroless nickel plating, after which conductive fine 
particles on which nickel-gold plated layers were 
formed were obtained by the gold substitution reaction. 
The analysis of the conductive fine particles showed 
20 that gold content and nickel content wore 28.0% by 
weight and 23.8% by weight. A mean particle diameter 
-was - 7w24vVn^"(staxi49rd~devlatlon 0.28 iim,)..*,^^,. ... ^.^i^.^s,^,,^^^... 

Then, 1 g of the conductive fine particles 

25 -and O-.S g-of glass fibers (diameter: 5.S pm, average 

length: 27.5 pm) were mixed with 75 g of epoxy resin 
(Trade name SE-4S00, manufactured by Yoshikawa Ka^gaku 
Kogyo CO., Ltd.) and 25 g of a hardening agent to form 
a paste. Next, as shown in Figure 6, the paste 13 was 
30 coated to a predetermined thickness on a glass elec- 
trode. 12 comprising, an ITO. -film on an .^Pi??.?,?"?!*^? , 
thereof, and another ITO electrode 14 was superimposed. 
This lamination was sandwiched by a press machine and 
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press heated at 35 kg/cm-^ and 160'C. 

A test chip C so produced was tested through 
240 cycles by using a thermal shock testing apparatus 
5 (Trade name TSV'-40, manufactured by Tabal Espec 

Corp. ) which operates at 90*C for one hour and at -4*C 
for one hour. 

Another test chip produced in the same way as 
10 . the above was put In a thermo-hygrostat (Trade name 
PR-3F, manufactured by Tabal Espec Corp..) which, oper- 
ates under the conditions of 80 and 90%RH and tested 
for. 500 hours. The contact resistance between two 
electrodes were measured before and after . the thermal 
15 shock test, and the moisture proof test by using the 

four terminal method • The results are shown In 
Table 1. From the results. It was found that the 
contact reliability of the conductive fine particles 
vrere excellent « 

20 

Example 14 

First, 75% by weight of tetramethylplmethane 
-fcetraacrylate and 25% by walght of dlvlnylbenzene were 
polymerized by suspension polymerization, and after 

.25 —that - fine particles. - haying a mean .partlcleL^cU.amoi:e^^^ 

7.05 pro (standard deviation 0.25 pm) were selected by 
the classification. The K-value of the fine particles 
at 10% compression deformation was 527 kgf /mm'^ and the 
recovery factor after the compression deformation in 
30 the case of the maximum load value of 1 grf was 55%. 

The resin fine particles were subjected to 
electroless nickel plating, after which conductive fine 
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particles on which nickel-gold plated layers were 
formed were obtained by the gold substitution reaction. 
The analysis: of the conductive fine particles showed 
that gold content and nickel content were 29.1% by 
5 weight and 23.4% by weight, respectively- The mean, 

particle diameter was 7.29 pm (standard deviation 
0.29 pm). 

A test chip was obtained in the same way as 
10 in Example 13 e:ccept that the above conductive fine 
particles were used. The reliability of this test chip 
was tested. The results are shown in Table 1. From 
the results, it was found that the contact reliability 
of the conductive fine particles was excellent. . 

15 

Example 15 

First, 50% by weight of tetramethylolmethane 
tetraacrylate and 50% by weight of divinylbenzene were 
polymerized by suspension polymerization, and after 
20 that fine particles having a mean particle diameter of 
7.01 pm (standard deviation 0.25 pm) were selected by 
the classification. , The K-value of the fine particles . 
at 10% compression deformation was 468 kgf /mra^ and the 

recovery factor _aftfL^^ compression deformation in 

25 the case of the maximum , load value of 1 grf was 52%. 

The resin, fine particles were subjected to 
electroless nickel plating, after which conductive fine 
particles on which nickel-gold plated layers were 
30 formed were obtained by the gold substitution reaction. 

The analysis of the conductive fine particles showed 
that gold content and nickel content were 30.5% by 
weight and 19.5% by weight, respectively. The mean 
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par-fclcle diameter was 7.25 pm ( sl:andard dev±a-tlon 
0.29 |im). . . 

A chip was obtained in the same way as 

5 .' in Example 13 except that the above conductive fine 
particles were used. The reliability of this test chip 
was tested. The results are shown in Table 1. From 
the results r it was found that the contact reliability 
of the conductive fine particles was excellent. 

10 

Example 16 

First/ 25% by weight of tetramethylolmethane 
tetraacrylate and 75% by weight of divinylbenzene were 
polymerized by suspension polymerization^ and after 

15 that fine particles having a mean particle diameter of 
7.03 ixm (standard deviation 0.28 |im) were selected by 
the classification. The K-value of the fine particles 
at 10% compression deformation was 448 kgf/mm^ and the 
recovery factor after the compression deformation in 

20 the case of the maximum load value of 1 grf was 52%. 

The resin fine particles were subjected to 
electroless nickel plating, after which conductive fine 
particles on which nickel -gold plated layers- were 

25 formed were obtained by the gold substitution reaction. 

The analysis of the conductive fine particles showed 
that gold content and nickel content were 27.6% by 
weight and 24.3% by weighty respectively. The mean 
particle diameter was 7.27 \im (standard deviation 

30 0.29 pm). 

A test chip was obtained in the same way as 
in Example 13 except that the above conductive fine 
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particles were used. The reliability of this test chip 
was. tested. The results are shown in Table 1. From 
the results, it was found that the contact reliability 
of the conductive fine particles was excellent. 

5 

Example 17 

First, divinylbenzene was polymerized by 
suspension polyinerizatibn, and after that fine parti- 
cles having a mean paurticle diameter of 7. OS pm (stand- 
10 ard deviation 0.29' pm) were' selected by the classifica- 
tion. The K-value o£ the fine particles at 10% com- 
pression deformatibn was 330 kgf/mm2 ^j^e recovery 
factor after the compression deformation in the case of 
the maximum load value of 1 grf was 38%. 

15 

The resin fine particles were subjected to 
electroless nlcskel plating, after which conductive fine 
particles on which nickel-gold plated layers were 
formed were obtained by the gold substitution reaction. 
20 The analysis of the conductive fine particles showed 
that gold content and nickel content ware 25.6%. by 
"weigHt arj^^^ 

particle diaihei-er was 7.30 pm (standard deviation 
0.32 pn>)»_ 

25 

A test chip was obtained in the same way as 
in Example 13 except that the above conductive fine 
particles were used. The reliability of this test chip 
was tested. The results are shown in Table 1. From 
30 the results, it was found that the contact reliability 
of the conductive fine particles was excellent. 
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Comparative Example 13 

Spacers made of benzoguanamlna polymers and 
having a mean particle diameter of 6.98 ^im (standard 
deviation 0.25 pm) were subjected to electroless nickel 

5 plating^ after which conductive fine particles on which 

nickel-gold plated layers were formed by the gold 
substitution reaction were obtained. The analysis of 
the conductive fine particles showed that gold content 
, and nickel content were 30.4% by weight and 19^6% by 

10 weight, respectively. The mean particle diameter was 
7.23 pra (standard deviation 0.27 pm). The K-value of 
the conductive fine particles at 10% compression defor- 
mation was 690 kgf/ram^ and the recovery factor after 
the compression deformation was 12%. 

15 

A test chip was obtained In the same way as 
in Example 13 except that the above conductive fine 
particles were used. The reliability of this test chip 
was tested. The results are shown in Table 1. From 
20 i:he results, it was found that the contact reliability 

of the conductive fine particles was poor. 

Comparative Example. 14 

First, 30% by weight of triallyl Isocyanurate 

25 and 70% by weight of dlallyl phthalate were polymerized 
by suspension polymerization^ and after that fine 
particles having a mean particle diameter of 7.00 yra 
(standard deviation 0.28.pm) were selected by the 
classification. The K-value of the fine particles at 

30 10% compression deformation was 245 kgf/mm^ and the 
recovery-f actor after the compression deformation was 
12%. 
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The fine particles were subjected to electro- 
less nickel plating, after which conductive fine parti- 
cles on which nickel-gold plated layers were forined 
were obtained by the gold sxibstltutlon reaction. The 
5 analysis o£ the conductive fine, pa^^^tlcle.8 s^^^^ 

gold content and nickel cbntent.ryeref ;29 .^ 
and 2Q.9.%,by weight, rMpec'^y#lyV;'\ The meanVpiarticsle 
diameter was 7.23 vm ( standard deviation 0.30 \m), 

10 A test chip was obtained in the same way as 

in Example 13 except that , the above, conduc-^iye - ^^^ 
particies were u^iBd. The reliability of this ; test , ch^^ 
was tested. .The. results are shoim^ 

the results, it was found that the contact refi^ility 
15 of the conductive; fine partlclea was poor. 

Ciamparative Example 15 

First, fine particles made of polystyrene end 

having a mean particle diameter of 6.98 pm (standard 
20 deylation 0.27 pm) were subjected to electroless xiickel 
piating, &£^r 'whiich conductive fine particles tori which 
.xiickel-gold platejd layers were . tpimf4 -j*^?- #f 
substitution reaction were obtained. The analyals of 
the conductive fine particles showed that the gold 
25 cohtent and nickel ^content were 32.2% by . weight and 
' 18^3% by weight, respectively. The mean particle 
diameter was 7-23 jim (standard deviation 0.29; pm). The 
K-yalue of the condtictlve fine particles at 10% com- 
pression deformation was 116 kgf /ram^ and the recovery 
30 factor after the compression deformation was not meas- 

• .-••'•T:••^^•-:.v.urable*..-. ;.vt.~:r.r._-.-;-.-..v;i.r;rAi:Vi; - • ••'■■i " : ■ ^. . - 'f^:^- .• ;•: 
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The test: chip was obtained in tte same way as 
in Example 13 except that the above conductive f irie 
particles were used. The reliability of this .test chip 
was tested* The results are shown in, Table 1. From 
5 the results, it was found that the contact reliability 

of the conductive fine particles was poor.' 

Comparative : Example 16 

Flrstv flne^ particles .made ^ df silicon dibstlci^ 
10.^ having, a meah . particle. diameter: of -.7 

deviation 0;19 ym) were obtainiad. The K-valixe' df ' th^^ 
fine particles , at 10% compression deformation wa 
5100 kgf/rom^, and.' the- recovery factor 'of thiai; f iri^ 
partlcleis after "the Qompressibn deformation; was 8^%.;., ^U' . 

The f Ixie partldles were subjected to electrb- 
less nickel plating, after which conductive fine parti- 
_ cles on which nickelj-gold plated layers, were formed by 
the gold substitution reaction weire obtained • - The 
20 analysis of the conductive fine particles showed that 
the gold content and nickel content were 27.4% by. 
-^..welgh^^ weight, respectively. - -Thja-meanr^ 

: particle,. diameter ^w 7.25 lim ( standard* deviation- 
. 0.20 pm)« . / 

25 ■ ^ ■ - ■ ■ 

A test chip was obtained in the same way as 
in Example 13 except that the above conductive fine 
particles were used. The reliability of this test chip 
was tested. The results are shown ; in - Table 1. From' 
30 the results, it was found that the contact reliability 
of . the conductive fln^^ was .poor . — . . 
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Example IB 

Flrsr^ tetramethyloline thane tetr&acrylate was 
polymerized by suspension polymerlzat:lon, after which 
fine par1;±cles having a mean particle^ diame.ter of ? 

5 6.98 fim (standard deviation 0.23 pm) were selected by 

the classification. The K- value of the fine particles - 
at 10% compression deformation was 570 kgf/mm^, and the 
recovery factor of the fine/jpafrt^^ after t;he;> com- 

pression deformation in the case of > the maximum load 

10 value of 1 grf was 63%. - 

The resin fine particles were subjected to 
electroless copper plating, after which copper was 
.replaced with indixsm by the substitution reaction. : The . 
15 ^ analysis' of the conductive fine pazrticles shiowed that 
the indium content' was 23!. 4%. 

Then, 1 g of the conductive fine particles 
and 0.5 g.of glass fibers (diameter: 5.5 pm, average 

20 length: 27*5 |im) were mixed with 75 g of epoxy resin 

(Trade name SE^4500, manufactured by Yoshikawa Kagaku 
. Xogyo .Co. . Ltd.-) and 25 g. of hardening: agent, to form: 
paste.' Next, :as shown In Figure 6, the paste 13: was 
coated to a predetermined thickness on a glass elec- 

25 trode 12 comprising an ITO film on an inner surface 

thereof r and another ITO electrode 14 was superimposed. 
This lamination was sandwiched by a press machine and 

heat pressed at 35 kg/cm^ and 160 *C for {30 mdLnutes. 

• ♦ . - - - ' . . . . 

30 K test chip C so produced was tested throiigh 

240 cycles by using a thermal shock testing . apparatus 
(Trade name TSV-40^ manufactured by Tabal Espec Corp.) 
which operates at 90 *C for one hour and at **4*C for one 
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hour* 

Another test chip producsed In the same way as 
the above was put Into a thermp-hygrostat (Trade name 

5 PR-3F, manufactured by Tabal Espec Corp. ) which oper- 

ates under the canditiona of 80*C and 90%RH and tested 
for 500 , hours . The contact resistjance between two 
electrodes werer measured .before and after, the thermal 
shock test and the moisture proof test by using the 

10 four terminal method* The results :^are shQwn: in 
Table 2. Prom the results, it was found that the 
contact reliability of the conductive fine particles 
was excellent. 

15 Example 19 

First, 75% by weight of tetramethyiolmeihane 
tetraacrylate and 25% by weight of diyinylbanzene were 
polymerized by suspension polymerization, after which 
fine particles having a mean particle ..diameter of 

20 7.05 |im ( standard deviation 0.25. ym) were obtained. 

The K-value of the fine particles at 10% compreMion 
deformation was 475" kgf /mm^ , and the recovery - faptpr ^ipf 
the fine particles after the compression deformation in 
the case of the maxim\im load value of 1 grf was 55%. 

25 ... ' ' ' • 

The resin fine particles were subjected to 
electroless copper plating, after which the copper 
plated layer was subjected to the substitution reaction 
t:o replace copper with indium • The analysis of the 
30 resin fine piarticles showed that the indium content was 
19.8%. 
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A t:est: chip was obtained In the same way as 
In Example 18 except that these conductive fine parti-- 
cles were used. The reliability of the test chip was 
tested. The results are shown In Table 2. From the 
5 results. It was found that the contact reliability of 

the conductive fine particles were excellent. 

Example 20 

First, 50% by weight of tetraihethylolmethane 
10 tetraacrylate and 50% by weight of divlhylbenzene were 
polymerized by suspension polymerization, after which 
fine particles having a mean particle diameter of 
7.01 pm (standard deviation 0.25 pm) were obtained. 
The K-value of the fine particles at 10% compression 
15 def oinnatlbh wa&f' 422 and the recovery faqtor of 

the fine pairtlcles .after the compression deformation In 
the case of the maximum load value of 1 grf was 52%. 

The resin fine particles were subjected to 
20 electroless copper plating, after which the copper 
layer so obtained was subjected to the substitution 
- reaction n^to-: replace copper with Indium. The analysis^ 
of the resin fine particles showed that the indium 
content was '20 J 3 % • 

25 

A test chip was obtained in the same way as 
in Example 18 except, that these conductive fine parti- 
cles were used. The reliability of the test chip was 
tested. The results are shown in Table 2. From the 
30 results, it was found that the contact reliability of 
the conductive fine particles was excellent. 
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Example 21 

First, tetramethylolmethanG -trlacarylate was 
polymerized by suspension polymerization, after which 
fine particles having a mean particle diameter of 
5 7.53 pm (standard deviation 0.28 pm) were obtained. 

The :Krvaiue of the fine particles at 10% conpreBsion 
deformation was 282 kgf/mm^, and the recaveiry factor of 
the fine particles after the compression deformation in 
the case of the maximum load value of 1 grf was 58%. 

10 

The resin fine particles were subjected to 
electroless copper plating, after which the copper 
plated layer so obtained was subjected to the substitu- 
tion reaction to replace copper wltb indium. The 
15 analysis of the resin fine particles showed that the 

indium content was 19.6%. 

A test chip was obtained in the same way as 
in Example 18 except that these conductive fine parti- 
20 cles were used. The reliability of the test chip was 
tested. The results are shown in Table 2. From the 
. results^ it was. the contact raldLablllty of 
the conductive: fine pairtlcles was excellent. 

25 Comparative Example 17 

Firsts fine particles made of benzoguanamine 
polymers and having a mean particle diameter of 6.98 pm 
(standard deviation 0.25 pm) were obtained. The 
K-value of the fine particles at 10% compression defer- 

30 raation was 620 kgf/mm^, and the recovery factor after 
the- compression -deformation In . the case ..of the-maximum - 
load value of 1 grf was 12%. The fine particles were 
subjected to electroless copper plating, after which 
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-the copper plated layer so obtained was subjected to 
the substitution reaction to replace copper with indi- 
um. The analysis of the fine particles showed that the 
indiiam content . was 22.6%. 

5 

A test chip was obtained in the same way as 
in Example 18 except that these above conductive fine 
particles were used. The reliability of the test chip 
was tested. The results are shown in Table 2. From 
10 the results^ it was found that the contact reliability 
of the conductive fine particles was poor. 

Comparative Example IB 

First, fdLne particles made of silicon dioxide 
15 and having a mean particle diameter of 7.01 ]m (standr 

ard deviation 0.19 pm) were obtained. The K-value of 
the fine particles at 10% compression deforma1:ion was 
4590 kgf/mm^. The recovery factor of the fine parti- 
cles after the compression deformation was 85%. 

20 

The fine particles were subjected to electro- 
less copper plating^ after which the copper plated 
layer so obtained was subjected to the substitution 
reaction to replace copper with indium. The analysis 
25 _ of the fine particles ^showed that the Indium content 
was 9.8% by weight. 

A test chip was obtained in the same way as 
in Example 18 except that the above conductive fine 
30 particles were used. The reliability of the test chip 
was tested. The result are shown in Table 2. From the, 
results, it was found that the contact reliability of 
the conductive fine particles was poor. 
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CLAIMS 

1« A fine sphere having a K-value defined as 
K-(3//Tr)*F«S''^/^»R"^/^ (wherein F and S repreaen't a 

5 load value (kgf ) and a compression displacement (mm) at 

10% compression deformation of said fine sphere, re* 
spectlvely, and R represents a radius (mm) of said fine 
sphere) is in the range of 250 kgf/mm^ to 700 kgf /mm^ 
at 20 and a recovery factor after the compression 

10 deformation is in the range of 30% to 80% at 20*C. 

2. A fine sphere according to claim 1, wherein said 
X-value is in the range of 350 kgf/mm^ to 550 kgf/mm^« 

15 3. A fine sphere according to claim 1, wherein said 
recovery factor after the compression def oanitatlon Is in 
the range of 40% to 70% at 20* C. 

4. A fine sphere according to claim 1, wherein said 
20 ' fine sphere is at least one selected from the group 
consisting of polydlvlnylbenzene, dlvlnylbenzene-sty- 
rene copolymer, dlvlnylbenzene'-aarylate copolymers , and 
polydlallylphthalate . 

25 5* A fine sphere according to claim 1, wherein said 
fine sphere la in a spherical shape, and Its diameter 
is in the range of 0.1 to 100 pm. 

6. A fine sphere according to claim 5, wherein the 
30 diameter of said fine sphere is in the range of 0.5 to 
50 pm. 



) 



) 
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7, A fine spbere according to claim 6, wherein the 
diameter of said fine sphere is in the range o£ 1.0 to 
20 \m. 

5 8. A spherical spacer for a liquid crystal 

display element having a K-value defined as 
K-(3//T)»F«S"''/^»R~^''^ (wherein F and S represent a 
load value (kgf ) and a compression displacement (mm) at 
10% compression deformation of said spherical spacer, 

10 nspectlvely, and R represents a radius (mm) of said 
spherical spacer) is in the range of 250 kgf /mm^ to 
700 kgf/aun^ at 20*C, and a recovery factor after the 
compression deformation is in the range of 30% to 80% 
at 20»c. 

15 

9. A colored spherical spacer for a liquid crystal 
display element comprising a colored core fine sphere, 
having a K-value defined as K-(3//-Tr) .F-S-3^2.r-1/2 
(wherein F and S represent a load value (kgf) and a 

20 compression displacement (mm) at 10% compression defor- 

mation of said colored spherical spacer, respectively, 
and R represents a radius, (mm) of said colored sphejpl- 
,cal spacer) Is in the range of 250 kgf /mm? to 
700 kgf/mm^ at 20'C, and a recovery factor after the 

25 compression deformation Is In the range of 30% to 80% 
at 20»C. 

10. An adhesive coated spherical spacer for a liquid 
crystal display element comprising a core fine 

30 sphere and an adhesive layer formed on a surface 
of said core fine sphere, having a- K-value 
defined as K-(3/V^T^ •F.S"3/2.r-1/2 („herain F and S 
represent a load value (kgf) and a compression dls- 
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placement (nun) at 10% compression deformation of said 
adhesive coated spherical spacer, respectively, and R 
represents a radius (inm) of said adhesive coated spher- 
ical spacer) Is in the range of 250 kgf/mm^ to 
5 700 kgf/mm^ at 20 'C, and a recovery factor after the 

compression deformation Is In the range of 30% to 80% 
at 20'C. 

11. A liquid crystal display element using a spherical 
10 spacer according to claim 6. 

12. A liquid crystal display element using a colored 
spherical spacer according to claim 9. 

15 13 « A liquid crystal display element using an adhesive 
coated spherical spacer according to claim 10. 

14. A conductive fine sphere comprising a fine sphere 
according to claim 1 and a conductive layer formed on a 

20 sxirface of said fine sphere. 

15. A conductive . fine sphere according to claim 14^ 
wherein, said conductive layer is an indium-^plated 
layer. 
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